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. , , ,
, (Lower Partial Moments, , LPM )
( , )
[2]. , (




$n$ $S_{j}(j=1, \ldots, n)$ , $P_{j}$ , ,
$d_{j}$ . $s_{j}$ $R_{j}$ ,
$R_{j}= \frac{\tilde{P}_{j}-P_{j}+d_{j}}{P_{j}}$ (1)
, $x=(x_{1}, \ldots, x_{n})^{T}$ $R(x)$ ,
$R(x)= \sum_{j\overline{\sim}1}^{n}R_{j}x_{j}$ (2)
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. , $R_{j}$ $rj,$ $R_{j}$ $R_{k}$ $\sigma jk$ ,




$(j=1, \ldots, n;k=1, \ldots, n)$ . (4)
, $E[R(x)]$ $\rho$ , $V[R(x)]$
, [4].
minimize $\sum_{j=1}^{n}\sum_{k=1}^{n}\sigma_{jk}x_{j}x_{k}$ (5)
subject to $\sum_{j=1}^{n}$ $rjxj=\rho$ (6)












. , LPM ,
Value-at-Risk $(VaR)$ Conditional VaR $(CVaR)$
.
3.
, LPM $CVaR$ . , LPM .
1. $i(i=1, \ldots, I)$ , $t(t=1, \ldots,T)$ , $p$
, $W_{T}^{(i)}$ $i$ $T$ , $W_{G}$ ,
$LPM_{p}:=\frac{1}{I}\sum_{i=1}^{I}|W_{T}^{(i)}-W_{G}|_{-}^{p}$ (8)
LPM . , $|a|-:= \max\{-a, 0\}$ .
, $VaR$ $CVaR$ .




3. $X,$ $\alpha,$ $x,$ $\beta,$ $\Phi$ 2 . , $p:\mathbb{R}^{m}arrow \mathbb{R}$
, $f$ : $X\cross \mathbb{R}^{m}arrow \mathbb{R}$ ,
$\phi_{\beta}(x):=\frac{1}{1-\beta}\int_{(x,y)\geq\alpha\rho(x)}f(x,y)p(y)dy$ (10)
$\beta- CVaR$ .
, $F_{\beta}$ : $X\cross \mathbb{R}arrow \mathbb{R}$ .
$F_{\beta}(x, \alpha):=\alpha+\frac{1}{1-\beta}\int_{y\in \mathbb{R}^{n}}[f(x,y)-\alpha]^{+}p(y)dy$ . (11)
9 $[a]^{+}$ $:= \max\{a, 0\}$ . , $F_{\beta}(x, \alpha)$ $\phi_{\beta}(x)$ , .
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1 (Rockafellar and Uryasev, [1]). $F_{\beta}(x, \alpha)$ $\alpha$
. , $x\in X$ $(x, \alpha)$ $\phi_{\beta}(x)$ .
$\phi_{\beta}(x)=\min F_{\beta}(x, \alpha)$ .
$\alpha\in R$
, $A_{\beta}(x)$ .
$A_{\beta}(x)$ $:=$ argmin $F_{\beta}(x, \alpha)$ .
$\alpha\in \mathbb{R}$
2(Rockafellar and Uryasev, [1]). $F_{\beta}(x, \alpha)$ $\phi_{\beta}(x)$ ,
$\min_{x\in X}\phi_{\beta}(x)=\min_{x(,\alpha)\in Xx\mathbb{R}}F_{\beta}(x, \alpha)$
.
3.1. LPM
, (8) $p=1$ LPM . , $i(i=$
$1,$
$\ldots,$
$I)$ , $j(j=1, \ldots, n)$ ( , , ) ,
$k(k=1, \ldots, m)$ , $l(l=1, \ldots, L)$ , $t(t=0, \ldots, T)$





$r_{0}$ : 1 ( $0$ )
$r_{t-1}^{(i)}$ : $t$ $i$ ($t-1$ )
$(i=1, \ldots, I;t=2, \ldots, T)$
$\rho j0:0$ $j$ $(j=1, \ldots, n)$
$\rho_{jt}^{(i)}$ : $t$ $i$ $j$
$(i=1, \ldots, I;j=1, \ldots, n;t=1, \ldots, T)$
$\tau_{k0}:0$ $k$ $(k=1, \ldots,m)$
(i) : $t$ $i$ $k$$\tau_{kt}$
$(i=1, \ldots, I;k=1, \ldots, m;t=1, \ldots,T)$
$\alpha k0:0$ $k$ $(k=1, \ldots, m)$
$\alpha_{kt}^{(i)}$ : $t$ $i$ $k$
$(i=1, \ldots, I;k=1, \ldots, m;t=1, \ldots, T-1)$
$y\iota$ : $l$ $(l=1, \ldots, L)$
$fi$ : $l$ $(l=1, \ldots, L)$
$p_{l}$ : $l$ $(l=1, \ldots, L)$
$c_{k}$ : $k$ $(k=1, \ldots, m)$
$d_{k}$ : $k$ $(k=1, \ldots, m)$
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, .
$q^{(i)}$ : $i$ $(i=1, \ldots, I)$
$Zjt:t$ $j$ $(j=1, \ldots, n;t=0, \ldots, T-1)$
$a_{kt}:t$ $k$ $(k=1, \ldots, m;t=0, \ldots , T-1)$
$v_{0}:0$ ( )
$v_{t}^{(i)}$ : $t$ $i$ ( ) $(i=1, \ldots, I;t=1, \ldots, T-1)$
, .
$A_{jt}^{(i)}$ : $t$ $i$ $j$ ,
$A_{jt}^{(i)}=\rho_{jt}^{(i)}|z_{jt}-z_{j,t-1}|$ $(i=1, \ldots, I;j=1, \ldots, n;t=1, \ldots, T-1)$
$F_{kt}^{(i)}:t$ $i$ $k$ ,
$F_{kt}^{(i)}=\tau_{kt}^{(i)}|a_{kt}-a_{k,t-1}|$ $(i=1, \ldots, I;k=1, \ldots, m;t=1, \ldots, T-1)$
$b_{j0l}:0$ $l$ $j$ 0-1 ,
$b_{j0l}=\{\begin{array}{ll}1 (y\iota<\rho_{j0}z_{j0}\leq y_{l+1})0 (otherwise)\end{array}$
$0$
$(l=1, \ldots, L-1)$
$b_{jtl}^{(i)}$ : $t$ $i$ , $l$ $j$ 0-1 ,
$b_{jtl}^{(i)}=\{\begin{array}{ll}1 (y_{l}<A_{jt}^{(i)}\leq y_{l+1})0 (otherwise)\end{array}$
$(i=1, \ldots, I;j=1, \ldots, n;l=1, \ldots, L-1;t=1, \ldots, T-1)$
$\gamma j0:0$ $j$ ,
$\gamma_{j0}=\sum_{l\vec{-}1}^{L}b_{j0l}(p_{l}\cdot\rho_{j0}z_{j0}+f_{l})$ $(j=1, \ldots, n)$
$\gamma_{jt}^{(i)}$ : $t$ $i$ $j$ ,
$\gamma_{jt}^{(i)}=\sum_{l=1}^{L}b_{jtl}^{(i)}(p_{l}\cdot A_{jt}^{(i)}+f_{l})$ $(i=1, \ldots, I;j=1, \ldots, n;t=1, \ldots, T-1)$
, LPM (Ll) .
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minimize $\frac{1}{I}\sum_{i=1}^{I}q^{(i)}$ (12)
subject to $\sum_{j=1}^{n}(\rho_{j0}z_{j0}+\gamma_{j0})+\sum_{k=1}^{m}(1+\alpha k0)\tau k0a_{k0}+v_{0}=W_{0}$ (13)
$\sum_{j=1}^{n}(\rho_{j1}^{(i)}z_{j1}+\gamma_{j1}^{(i)})+\sum_{k=1}^{m}(\tau_{k1}^{(i)}ak1+\alpha_{k1}^{(:)}F_{k1}^{(i)})+v_{1}^{(i)}$
$= \sum_{j=1}^{n}\rho_{j1}^{(i)}z_{j0}+\sum_{k=1}^{m}(1-\frac{ck+d_{k}}{12})\tau_{k1}^{(i)}ak0+(1+r_{0})v0$ $(i=1, \ldots, I)(14)$
$\sum_{j=1}^{n}(\rho_{jt}^{(i)}z_{jt}+\gamma_{jt}^{(i)})+\sum_{k=1}^{m}(\tau_{kt}^{(i)}akt+\alpha_{kt}^{(i)}F_{kt}^{(i)})+v_{t}^{(i)}$
$= \sum_{j=1}^{n}\rho_{jt}^{(i)}z_{j,t-1}+\sum_{k=1}^{m}(1-\frac{ck+d_{k}}{12})\tau_{kt}^{(i)}ak,t-1+(1+r_{t-1}^{(i)})v_{t-1}^{(i)}$





$q^{(i)}\geq 0$ $(i=1, \ldots, I)$ (18)
$z_{jt}\geq 0$ $(j=1, \ldots, n;t=0, \ldots, T-1)$ (19)
$a_{kt}\geq 0$ $(k=1, \ldots, m;t=0, \ldots,T-1)$ (20)
$v_{0}\geq 0$ (21)
$v_{t}^{(i)}\geq 0$ $(i=1, \ldots, I;t=1, \ldots, T-1)$ (22)
32. $CVaR$
LPM (Ll)
, $\beta\in(0,1)$ . , ( , )
, LPM (Ll) . .
$\zeta$ : $\beta- VaR$ ( $\beta$ $\zeta$ $\zeta$ )




(13) $\sim(16)$ (19) $\sim(22)$ . ,
$CVaR$ (Cl) .
minimize $\zeta+\frac{1}{1-\beta}$ . $\frac{1}{I}\sum_{i=1}^{I}s^{(i)}$ (23)
subject to $\sum_{j=1}^{n}\rho_{jT}^{(i)}z_{j,T-1}+\sum_{k=1}^{m}(1-\frac{c_{k}+d_{k}}{12})\tau_{kT}^{(i)}a_{k,T-1}+(1+r_{T-1}^{(i)})v_{T-1}^{(i)}+\zeta+s^{(i)}\geq W_{G}$




, LPM (Ll) $CVaR$ (Cl) ,
. ,
(LO), (CO) , (Ll), (Cl)
, .
4.
2007 1 $\sim 2007$ 6 .
, , ( ), , 4 .
, 1 2 .
Pentium 4, 1.$50GHz,$ $256MB$ NGO 9.0 ,
6 ( ), 3 , 3 ( 3 , , ), 3 (
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